Background. Outpatient parenteral or prolonged oral antibiotic therapy (OPAT) programs reduce inpatient healthcare costs by shifting care to outpatient settings. Care coordination (CC) is a necessary component to successfully transition patients. Our objective was to assess outcomes of provider time spent on nonreimbursable CC activities in a pediatric OPAT program.
Nationwide efforts to transition hospital care to home are improving clinical and cost efficiencies across healthcare systems. The outcomes of outpatient parenteral antibiotic therapy (OPAT) programs demonstrated the success of such efforts with earlier hospital discharges, reduced risk for hospital-associated infections, cost savings for patients and healthcare systems, and improved patient experience [1] [2] [3] [4] [5] [6] .
Formal OPAT programs exist that facilitate transitions from hospital to home and oversee completion of infectious disease (ID) care in outpatient settings; however, at other institutions, individual ID providers are often charged with OPAT care [7, 8] . Guidelines set forth by the Infectious Disease Society of America (IDSA) help ID providers define OPAT responsibilities [9] [10] [11] .
Outpatient parenteral antibiotic therapy stakeholders include families, comanaging subspecialists, primary care providers (PCPs), home infusion companies, home nurses, and other community entities such as schools and daycare facilities [3, 9, 11] . The OPAT bundle, which includes consideration of patient selection, patient/caregiver education, discharge planning, and outpatient monitoring/tracking, is "care coordination (CC)" [12] . Care coordination is defined as "the deliberate organization of patient care activities between 2 or more participants (including the patient)…to facilitate the appropriate delivery of healthcare services. This involves the marshalling of personnel and other resources needed to carry out all required patient care activities, and is often managed by the exchange of information among participants responsible for different aspects of care. " [13] Care coordination is associated with achieving triple-aim outcomes such as improving family experience, improving health outcomes, and reducing overall medical expsense [14] [15] [16] . Care coordination efforts throughout the lifecycle of an OPAT treatment course are rarely accounted for in current measures of reimbursable ID services and may be undervalued by current payment model metrics. The IDSA has cited this as a priority to be addressed [17] .
Examining CC activities in pediatrics was pioneered by Antonelli et al in 2004 [18] . The result was the development of the Care Coordination Measurement Tool (CCMT) that captures the activities of CC, the resources needed, and the outcomes as a result of CC delivery [19] . The CCMT has since been adapted in multiple settings nationally for primary and subspecialty care [14, 20, 21] . In this feasibility pilot, our objective was to measure nonreimbursable CC activities and their associated patient-level outcomes and cost savings to capture the value of our OPAT program.
METHODS
On January 1, 2015, Doernbecher Children's Hospital (DCH) launched a new hospital-funded pediatric program to serve children discharged with intravascular (IV), intramuscular (IM), or prolonged oral antibiotics (greater than 10 days), known as p-OPAT (pediatric outpatient parenteral or prolonged oral antibiotic therapy). Doernbecher Children's Hospital is a 148-bed pediatric hospital located within Oregon's sole academic medical center. The hospital serves as a referral center for Southwest Washington, Idaho, Montana, Alaska, and northern California. Much of this area is rural with limited access to pediatric-trained subspecialists and home health nurses [22] . The p-OPAT program was supported by a 0.75 full-time equivalent (FTE) pediatric nurse practitioner (NP) and a 0.15 FTE pediatric ID medical director (MD).
Eligible patients included all pediatric patients referred to the p-OPAT program through an inpatient ID consultation. Use of the p-OPAT program was not mandated. Some DCH subspecialty services such as pulmonology, hematology-oncology, and general surgery could elect to manage their own patients. Patients were discharged from the p-OPAT service when no further ID follow up was needed.
We used the CCMT to quantify nonreimbursable p-OPAT activities and to justify the value of our program. The original CCMT structure was maintained (available at http://www.childrenshospital.org/care-coordination-curriculum/care-coordination-measurement) [19] , and we adapted the instrument to reflect activities and outcomes in the OPAT setting (see Figure 1) .
A CC encounter was defined as any nonreimbursable task that required one of the p-OPAT providers to complete a discrete activity to develop or implement a plan of care. Patient medical and social complexity was assigned by definition of the Maternal Child Health Bureau and described by the original CCMT [19] . For each CC encounter, estimated time spent was recorded (less than 5 minutes, 5-9 minutes, etc). Data were collected between March 1, 2015 and April 30, 2015 for a total of 44 weekdays. If a CC encounter spanned more than 1 day, the initial date was recorded as a single encounter, but all activities with total time spent from initiation to resolution were noted. Time and activities related to a reimbursable OPAT inpatient or clinic visit were not included.
For each CC encounter, an outcome was noted as prevented and/or occurred. Outcomes were recorded prospectively. Each provider assessed what the CC activity was intended to do and what occurred (outcome occurred) and/or what would have happened if that CC activity had not been provided (outcome prevented). For example, if a peripherally inserted central catheter (PICC) line complication occurred and CC enabled an ID subspecialty visit with a PICC line therapist instead of an emergency room (ER) visit, the outcome that was prevented was an ER visit. The outcome that occurred was an additional subspecialty visit.
Daily CC record sheets were completed by either the p-OPAT MD or NP and logged using an institutional Research Electronic Data Capture (REDCap) database. Data were extracted to Microsoft Excel and descriptive statistics were generated. Because this study involved tracking clinician actions only, our institutional review board granted this project a QI waiver, and informed patient consent was not required.
RESULTS
One hundred fifty-four CC encounters were recorded on 29 patients during the 44-day period. Age ranged from 17 months to 15 years. Patients came from across the state, with the longest driving distance from DCH noted to be approximately 5 hours (300 miles) by car (one way). Seventy-two percent of patients were publicly insured. Infections treated included brain abscesses, herpes encephalitis, endocarditis, bone and joint infections, and surgical site infections. Ten patients were treated with an IV antibiotic course only, 6 with an initial IV antibiotic course that was transitioned during OPAT to an oral therapy, 2 with an IM antibiotic, and 8 with oral antibiotics only. Three were previous OPAT patients (off antibiotics) but with active issues such as imaging needs. Only 2 patients were observed by p-OPAT providers alone. All others had comanaging subspecialists. Figure 2 demonstrates the type of CC activities performed and the time taken. One third of CC encounters involved clinical/medical management, followed by management of laboratory tests, advice to families, and coordinating services among subspecialties. Patients on oral antibiotics also had CC needs, as noted by515 minutes spent on CC activities for 8 patients in 26 separateencounters. Over the study period, CC activities totaled an estimated 54 hours of nonreimbursable work. Thirtytwo hours were NP time; the rest MD.
Care coordination needs included the following: scheduling and coordination of appointments, obtaining outside records, addressing medication intolerance, and developing care plans.
Five patients with complex social needs comprised 37% of time spent on CC activities (Table 1 ). Examples included a child discharged on IV antibiotics to an urban women's shelter and a rural family with financial concerns and multiple sick children.
We found instances of CC activities that assisted in the transition from inpatient to outpatient settings. There were 19 events in which referrals were made or followed up (orthopedics, social work, PCP visit, etc) and 12 events when discrepancies were reconciled (laboratory or medication orders corrected, vascular access device removal confirmed). Direct provider involvement, along with modified care plans when needed, resulted in patients being referred to subspecialists (ID and/or surgical or medical subspecialist) 16 times and shifted care to PCPs 13 times. There were only 32 reimbursable OPAT clinic visits for the 29 patients during the study period. Eight patients were managed without a reimbursable OPAT visit due to distance from our clinic.
Ten ER visits were prevented through CC encounters (Table 2) . Each encounter represented what would have most likely occurred without p-OPAT intervention based on time of day and family's ability to access non-ER care. Care coordination activities diverted patients from the ER to either primary care or subspecialty ambulatory clinics for complications such as vascular access failures, fever with neutropenia, drug rash, and parent concerns for clinical changes in the child. One patient was referred to the ER for fever and neutropenia after clinic hours.
Two hospital readmissions were prevented through CC encounters. One child had a multidrug-resistant organism infection that required 2 prior hospitalizations for IV antibiotics. The p-OPAT MD opted for an oral antibiotic with close outpatient follow-up, which prevented hospital readmission and resulted in resolution of infection. Another child from a rural part of the state with complicated osteomyelitis and multiple surgeries had a multidisciplinary clinic visit with p-OPAT and the pediatric orthopedic surgeon to avert a direct admission, which would have been required to coordinate consultative management and IV antibiotics before the p-OPAT program existed at our institution.
DISCUSSION
This paper reflects the first time the CCMT has been modified for pediatric OPAT and used to qualify and quantify essential nonreimbursable p-OPAT work. Results demonstrate that although billable p-OPAT clinic visits were low, nonreimbursable CC activities added value by preventing ER visits and readmissions and by optimizing healthcare use. Productivity-based models, such as fee-for-service payment structures, are driven by volume of billable face-to-face encounters. They do not account for the value of time spent on CC. With movement toward value-based care and bundle payments, our pilot indicates that CC in OPAT is essential, requires significant time, and results in outcomes of significance to patients and healthcare systems.
The risk of readmission and ER visits increases with failed discharge plans, and OPAT patients are particularly at risk for this [8, 12, [23] [24] [25] [26] . Our methodology tabulated preventable ER and readmissions, which is not captured in other studies. By extrapolating cost evaluations by the Healthcare Cost and Utilization Project and Medical Expenditure Panel Survey, we estimate that approximately $20 000 was saved in readmissions and $9000 was saved in ER costs for the 12 prevented events recorded over this 45-day period [27] [28] [29] [30] . Prior studies have also shown that an OPAT program improved processes and quality of care for patients, which may be important for other healthcare metrics [31] [32] [33] [34] [35] [36] . Other secondary hospital-level benefits due to saved tertiary care visits, such as freeing up bed space for higher level of services, are more difficult to quantify. Saving on the family level may be calculated through the potential for lost wages, the expense of travel and meals, as well as copays or deductibles. We also identified instances in which discharge referrals did not occur, appointments were not made, or PCPs were not notified of their patients' admission and intervention. The effects of these CC activities independent of readmissions would be beneficial to explore in terms of quality and patient/ family experience [37, 38] . The CCMT had an additional effect on our OPAT provider team. The CCMT enabled us to better allocate care team resources across the OPAT treatment course and encouraged each provider to perform at the "top of their license". This rational allocation is essential to building and sustaining highvalue teams [39] . Although our hospital funded a position for an NP and a directorship role for an MD, our OPAT program did not include an ID pharmacist, an antimicrobial stewardship program, a registered nurse, or a medical assistant (MA). We presented p-OPAT CCMT data to hospital stakeholders, which proved instrumental in securing an MA. Expanding involvement of an antimicrobial stewardship program to the outpatient setting alongside OPAT could hold additional opportunities for optimizing and tailoring antibiotic regimens for our patients.
This pilot has limitations. Formal validation of our modified CCMT for p-OPAT tool was not completed before this study, and we recognize that generalizability of our findings is difficult to other institutions that may have other resources and services available. We would encourage ID providers at other institutions to modify the CCMT for their own setting to demonstrate value added to their institution. We are also aware that results would vary considerably depending on the number of patients cared for at a particular time and the social complexity of those patients' needs. The 2-month period had approximately 25% of the total volume of OPAT patients in 2015 (total patients = 103). The staffing needs at other institutions may be very different. Socially complex patients were the highest users of CC time in this pilot, irrespective of medical complexity or proximity to the hospital. Identifying and addressing these issues before discharge with assistance from social work and the primary team may have assisted in decreasing CC.
Our goal was to create a measurement system for the value of our work that would be translatable to hospital stakeholders who invested in our program. Many may argue that the burden of CC and the needs of p-OPAT patients should fall on PCPs within the medical home model. Although this would be ideal, children in rural areas may have limited or no access to pediatric primary care, and the complexity of their infection may surpass the expertise available within a particular primary care home. A growing shift to avoid IV antibiotics and their associated complications may not eliminate the need for ID CC for these patients. Even patients treated with oral antibiotics for complex infections used CC resources. Non-ID providers may be uncomfortable with de-escalating broad-spectrum antimicrobials or early conversions to oral antibiotics [40] . For some patients, we successfully managed care from afar in collaboration with PCPs, although this was also nonreimbursable clinical time. Capitalizing on telemedicine or electronic consult visits through the EMR may represent other reimbursable opportunities for OPAT patients.
CONCLUSIONS
In summary, the CCMT captured the value of nonbillable CC activities in OPAT that clearly impacted patient care and the health system at large. A substantial amount of time was spent in nonreimbursable CC activities to achieve beneficial outcomes. This pilot study provides evidence to pursue cost analyses and to examine payment bundle models in our state. This value capture methodology assisted in securing additional support staff for our work. Infectious diseases specialists at other institutions may be able to modify this tool to their own setting to objectively demonstrate value added to their institution.
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